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1. A mat hod of preparing * laminate of glass and 
tin with an adhesive thermoplastic poly- 
tin therebetween comprising bringing one surface 
»ive thermoplastic resin into contact with the 
it end the opposite surface of the adhesive 
Las tic polyurethene res an into contact with the 
i in under conditions to effect lamination 
>f, character ised by the lam nation being carried out 
i solid transparent resin and the polyure thane resin 
applied to the glass sheet as a preformed thermo- 
ml set I r soXid, ead wherein the polyurethana is a polyester 
that is the reaction product of : 
(1) am essentially linear, hydroxy-te rati na tad 
polyester selected from the group con- 
sisting oft 
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cerbonate) ) , a trans- 
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ci***: expansion of ***** MO X KT* per degree centigrcde . 
Vfbia cruder of MtgaituAe difference can cause stress during fabrication and 

which 'My induce fracture of the glass layer, and delaxainat ion of the 
glass and Ctee surface layer. The del ami nation is particularly severe 
during as m i f actoring processes in which temperatures as high as 150°C may 
be encountered , 

Gulati et al proposes a structure with a ratio of thickness of 
the plastic front surface layer to rhe thickness of the plastic back sur- 
face layers in the range of about 1 to 8 to about 8 to 1 at all peripheral 
portions of the lens within about 2 lens thicknesses of the edge, and the 
.■■9&«eai^a bonding layer is an adhesive having a tensile strength of at least 
4400 pai# * sbaar strength of at least 2OO0 psi, and an elastic modulus 
laaa Awn 10,000 psi. Exemplary adhesive laminates disclosed o> Gulati et 
al iwclwdm aalyurethaaes either formed in situ , or deposited or applied 





Culati's prod trcr ion technique requires either Ln situ formation 
i*« bonding layer on the glass sheet or deposition of the 

; Layer from liquid solution onto the glass sheet, followed 
in situ poiwaeri*at ion of both transparent thermoset r j in 
bocb diethylene glycol bis(allyl carbonate) layers, carried 
t with both adhesive bonding layers and, further requiring 

of the temperature profile whereby to avoid bending stresses 
stresses during cure. The cure of diethylene glycol bis- 
) is characterised by approximately 11 to 14 percent 
a€ tffca polymerising diethylene glycol bisCallyl carbonate). 




the thermoplastic adhesive, e.g., the preformed , solid polyurethane 
tbia sheet, film, or Layer, has a combination of elastic properties, e.g., 
shear strength, tensile strength, elastic modulus, or coefficieni of 
thermal expansion vbich avoid thermally induced de 1 aminat ion . 

Detailed Description Of The Invention 
As herein contemplated, a glass laminate, such as a glass-plastic 
laminated lens, is provided. The laminate has a thin, transparent, organic 
polymerric layer, a thin glass core, and a thin thermoplasc ic adhesive 
therebetween. In one exemplification the glass core is a photochrome 
glass core. Itae polymeric surface layer may be characterized a? a pre- 
formed thermoplastic resin, as a oo I yacrylate . a polycarbonate, or a poly- 
vinyl halide, or n preformed thenaoset resin, e.g., containing po L vine ri zed 
diol bieCaliyi carbonate). It is further charac terised by its fracture 
tnasistamc properties during lamination, ^ich fracture resistant pfopert tew 
may be tfee ream It of a substantial absence of creep recovery at strains of 
from ml out 0-002 to about 0.01 t or tn? presence of dispersed polymers 
vitbin tfea tbermoset resin, or the presence of copolymers which modify the 
ultimate properties or thermal properties of the surface iaver. 

The glass-plastic laminate may be a lens.. Tne laminate way com- 
prise a transparent polymeric front layer or element, a photoenrontic ^iass 
core, amd a transparent polymeric back surface layer or element, with eacn 
transom rent polmmeric surface layer or eienent being bonded to the 2;)ass 
core by am admeaive bonding iayer. Alternatively, the laminate may corapnse 
a simple trams pa rent polymeric surface layer or element and a glass core, 
witb tbe glaaa core being bonded to the transparent polymeric surface iayer 
or ttmmet by an adhesive bonding layer. The polymeric surface layer may 



absorbers whereby to absorb ultraviolet radiation. Moreover, the adhesive 
bonding Layer and the polymer back, surface may have aromatic ity iiicorpora ted 
therein. Alternatively or additionally, the back surface layer may have 
either an infrared absorber or an ultraviolet absorber or both * iiicorpora t ed 
therein. 

Where the surface layer and adhesive bonding Layer are between 
the glass core and the incident light, both the front surface layer and the 
adhesive layer should be substantially transparent to ulcraviole.c radiation, 
that is racvation in the range of 300 nanometers to ^oO nanometers, whetebv 
to allow ultraviolet actuated photochroraic agents incorporated within tne 
glass core to be effective. 

The laminates herein contemplated may be prepared by applying a 
preformed, solid thin adhesive bonding Layer to a surface ot a glass core 
and applying the preformed, solid tnin surface layer or element to the 
preformed, solid adhesive oondiug layer. Tne adhesive bonding layer is 
applied to the glass core or layer as 3 preformed, soliu, thermoplastic, 
polymeric material. The surface layer element is applied to tne adhesive 
bonding layer as a solid thermoplastic material or a solid v i sc oe 1 as t ic 
material. The solid material of the surface layer may contain uiv)i r>i h 
(ailyl carbonate), either as th^ monomer-: - h av ing a pol yme r ;i i spe-r -r.ed - 
therein as will be described herein :>elow ? or as a S-stage resin, or as 
a polymerized solid. Alternatively, it may contain a po 1 y ( ac r y 1 at e / . a 
poly (arylate), a polyviny 1 ( hal ide ), a po 1 y( carbonate ) , or a transparent 
poly( amide ) . 

It is possible to effect lamination to only one surface of the 
glass core, or to both surfaces sequentially, as well as to both sur- 
face* simultaneously, even to spherically curved glass cores, as herein 
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A wrb trittaytoitt radiation . Horeover , the adhesive 
• ^j£;v'i : :- vl*^^**^" **3NJ* th« polymer back surface may have aromatic ity incorporated 

therein. Alternatively or additionally, the back surface layer may have 
either an infrared absorber or art ultraviolet absorber or both incorporated 
5 • the re its • 

Where the surface layer and adhesive bonding layer are between 
the glass core and the incident light, both the front surface layer and the 
adhesive layer should be substantially transparent to ultraviolet radiation, 
that is radiation in the range of 300 nanometers to 400 nanometers, whereby 
i©, to allow ultraviolet actuated photochrome agents incorporated within the 

: ^ gl«*s core to be effective! 

:^:V.. The laminates herein contemplated may be prepared by applying a 

, solid thin adhesive bonding layer to a surface of a glass core 
applying the preformed, solid thin surface layer or element to the 
, solid adhesive bonding layer. The adhesive bonding layer is 
Jto the glass core or layer as a preformed, solid, thermoplastic, 
erial v The surface layer element is applied to the adhesive 
*^^^^ :V "^ 1 V^ > S^* , "iK*" i*yw.:*«» '■ solid thermoplastic material or a solid viscoelastic 
material. The solid material of the surface layer may contain diol bis 
(ally! carbonate), either as the monomer, having a polymer dispersed 
therein as will be described herein below, or as a B-stage resin, or as 
a polarised solid. Alternatively, it may contain a poly(acrylate), a 
poly Xerylote), a polyvinyl(halide), a poly(carbonate) , or a transparent 
poiyC — idc ) , 

It is possible to effect lamination to only one surface of the 
gists core t or fcr both surfaces sequentially, as well as to both sur~ 
;fjHjp^ even to spherically curved glass cores , as herein 



^^^^ ^^^^^^^^'■r ^' -'\-...- ; > .; : 

— : r : —.~' 'rzr: it ::: rrr: — : ■ 



5. 



10 



Specific examples of 8 2 «e alkylene groups such as ethylene, 
trimethylene, methylethylene , tetramethy lene , ethylethy lene , pentamethylene , 
bexataethylene, 2-methylhexamethylene, octamethylene , and dec a<nethy lene 
groups, al xylene ether groups such as -CH 2 -0-CH 2 -, -CH 2 CH2-0-CH 2 CH2- , 
-CH 2 -P-CH 2 -CH 2 - , and -CH 2 CH 2 CH 2 -0-CH 2 CH 2 CH 2 - , alkylene polyether groups 
such as -CH 2 -CH 2 -0-CH 2 CH 2 -0-CH 2 CH 2 -0-CH 2 CH 2 - and -CH 2 CH 2 -0-CH 2 CH 2 -0-CH 2 CH 2 - groups 
and alkylene carbonate groups such as CH 2 CH 2 -0-CO-O-CH 2 CH 2 and -CH 2 CH 2 -0-CH 2 CH 2 - 
0-COH3-K;H2CH 2 -OCH 2 CH 2 - groups. Most commonly, R 2 is -CH 2 GH 2 -, -CH 2 CH 2 -0- 
CH 2 CH 2 -, or -CH 2 0H 2 -O-CH 2 CH 2 0-CH 2 CH 2 -. 

Specific examples of diol bis(allyl carbonate) monomers useful in 
the invention herein contemplated include ethylene glycol bis ( 2-chloroal 1 y 1 
carbonate), diethylene glycol bis ( 2-methal 1 y 1 carbonate), tnetnylene 
glycol bisCallyl carbonate), propylene glycol bis ( 2-ethy 1 al 1 y 1 carbonate), 
1,3-propanediol blj(allyl carbonate). 1 , 3-butaned io 1 bisvallyl carbonate).. 
f|*.. 1,4-buxaiiediol bis(2-bromoal lyl carbonate), dipropylene glycol bis(allyl 

carbonate), trimethylene glycol bi s < 2-ethy i a 1 lyl carbonate), and pen-. 

tsmethylene glycol bis (al lyl carbonate). 
»•.'. . 

■ m: -m - . - ■ 

Commercially important diol bis(ai!yi carbonate) monomers which 
are useful in the invention herein contemplated are: 

r©f o o 

» • 

CU 2 e CH-CH 2 -O-C-n)-CH 2 -CH2-0-CH 2 CH 2 -0-CH 2 CH2-0-C-0-CH 2 -CH = CH 2 , 

. . o o 

CH 2 = CH-CH 2 -0-C-0-CH2CH2-O-CH2CH 2 -O-C-OCH2-CH = CH9 , 
0 0 

• it ,, 

• m 

5V and CH 2 « CH-CH 2 -0-C-0-CH 2 -CH 2 -0-C-0-CH 2 -CH = CH 2 . 
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C = O C = O 

I I 

0 o 

1 I 

R 4 . *4 

where and R^ are independently the residues of the 

acrylic acids ° and ° such as acrylic acid, 
R 5 -C-OH R 6 ~COH 

methacrylic acid f ethyl acrylic acid, butyl acrylic acid, 

propyl acrylic dcid, .and higher acrylic acids; and each 

R 4 is independently hydrogen or the residue of the alcohoi 

R 4 OH which is methyl alcohol, ethyl alcohol, an aliyi 

alcohol, or a substituted ally! alcohol, having the formui 



R 4 

4 

where R is chosen from the group consisting of "hydrogen 
halogen, and C 1 to C 4 alkyls. Most: frequently one r a is 
allvl 



H 2 C = C-PH 2 - 
and the other R 4 is hydrogen or ethyl, and 



R 5 COH and R 6 COH 



are independently either acrylic acid, 



o 



CH 2 = CH-CGH 



or methacrylic acid 



CH 2 = C-COH 



polyC95I i»ethyl methacrylate-5% I m&frfk metliacrylate) of molecular weight 
approximately 500,000, the system of diethylene glycol bis(allyl carbpnate)- 
polyC95X ae'Ctiyl methacrylai:e-5% allyl methacrylate), requires partial cure 
to yieLd a fabricable resin, while at concentrations above about 10 weight 
percent poly(95% methyl methacrylate-5% allyl methacrylate) of molecular 
weight of approximately 500,000, the system of diethylene glycol bis- 
(allyl carbonate)-poly(95% methyl methacrylate-5% allyl methacrylate) is 
pseudoplastic upon formation, without cure. At dispersed copolymer concen- 
trations of 5 to 10. weight percent, the system of diethylene glycol uis( allyl 
carbonate)-poly (95% methyl rcethac rylate-5% allyl methacrylate) is a thick, 
syrupy composition approaching thermoplasticity . 

The polymer may be added directly to the diol bis(allyl carbonace) 
monomer. Alternatively, the polymer may be added to an organic solvent, 
e.g., methylene chloride, whereby to form a solution. Thereafter, the diol 
bis(allyl carbonate) monomer is added to the solution, and the solvent driven 
off, e.g-, by distillation, evaporation, boiling, or the like. 

Especially preferred solvents are those solvents having a solu- 
bility parameter of about 9.0 to about 10.0 (calories/cubic centimeter)"^- ^ , 
where the solubility, parameter is the square root of the cohesive density, 
as described in F. Rodriquez. Principles of Polymer Syste ms, McGraw-Hill 
Book Co., New York, NY., (1970), and Beerbower, Kaye , and Pattison, 
Chea. Engr . , December 18, 1967, page 113. 

Exemplary solvents include halogenated hydrocarbons, such as 
methylene chloride, chloroform, d ichlore thylene ethylene dichloride, 
tetrachloroethsne , tetrachioroethy lene , tr ichloroethane , t rich 1 oroethy lene , 
aromatics, such as benzene, nitrobenzene, orthod ichl jrobenzene , styrene, 
and chloroben-zene , and hydrocarbons. Alternatively, other solvents, such 
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fonc*Mmality to provide a copolymer i sate of a major portion of diol 
Majja-iyl carbonate) and a minor portion of the material having internal 
poiy^thaoe functionality, i.e., polyurethane material. 

As described in commonly assigned U. S. Patent 4,360,653 of 
5. Steven* et al for Polymerizate or (Allvl Carbonate ) and Aliphatic Polyure- 

thaae awing Acrylic Pnsaturation . an effective amount of the acrylated 
polynretbane material means an amount sufficient to provide a measurable 
enhancement of impact strength. This is at least about 3 weight percent, 
and generally above about 10 weight percent . However, the amount should be 
10. below about 5G weight percent and preferably below about AO weight percent 

in order to retain the desired optical properties and chemical resistance 
of the diol (allyl carbonate): It has been found that a loading of in 
excess of about 10 weight percent of the terminal acrylate polyurethane 
provides a significant increase in average impact strength relative to that 
of tbe diol (allyl carbonate) homopolymer izate , while loadings of polyure- 
to»iaal acrylate functionality above about 20 to 30 weight 
previa- aa even higher increase in the impact strength relative 
t* that of ttie polyoKaliyl carbonate) homopolyraer izate while retaining 
optical trraafipaareocy and clarity. 

However, aaounts of the acrylate terminated polyurethane above 
aboat 40 *° 50 weight percent should be avoided inasmuch as at levels of 
tJ * e wrjlafce terminated polyurethane above about 40 to 50 weight percent, 
fcasis t«»tal orgastics, the chemical resistance of the polymerizate begins 
to decline relative to that of the diol (allyl carbonate). Nevertheless, 
higher levels of acrylate terminated polyurethane may be utilized where 
cbemical resistaaitre is not essential. 



The polyu re thanes having terminal acryiate functionality which 
can be copolymer! zed with the diol bis(allyl carbonate) to yield the rigid 
outer surface or lens according to this invention are normally liquid, 
aliphatic diacrylate, triacrylate, and/ ^U* ao fyV a fee polyurethanes . 

According to one exemplification herein contemplated, the poly- 
acryiate having internal polyurethane, including dithiocarbamate , function- 
ality has the formula: 



(1) 



?7 



0 



[H 2 C = C - C - 0 - Ra ~ --]yNH 2 - y - C - X 



*9 R H 



[H 2 C = C - C - 0 - R 10 ]£NH 2 - 2 - C - X 



while according to an alternative exemplification, the polyacrylate having 
internal polyurethane functionality has the formula: 



(II) 



*7 



[H 2 C • C - C - 0 Kg - 



X - C +y— NH 2 - e 



[H 2 C = C - C - 0 R 10 X - C 



According to a further embodiment of the exemplification where 
the diol bis(allyl carbonate) is copo lymer i zed to enhance the elastic prop- 
erties, ultimp^e properties, or thermal properties, the copolymer may be an 
allyl S-triazine. 

Allyl S-triazine has the formula: 

I I 

where the Rj^ ' s are independently chosen from the group consisting of -H, 
and -OCB^CH^C^ with at least one R^4 being an^/ all y l group. Most commonly 
the Rx^'s are -OCH2CH=CH2, and the tr i funct ional monomer triallyl cyanurate 
is copolymerized with the diol bis(aliyl carbonate). 

The surface lasers, e.g., the spherically curved, transparent, 
polymeric layers, herein contemplated may be prepared by adding an effec- 
tive amount of an allyl S-triazine, e.g., triallyl cyanurate to a diol 
b is (-allyl carbonate) monomer whereby to provide a liquid composition of an 
effective amount of the allyl S-triazine and the balance .diol. bis t allyl 
carbonate), i.e., a minor portion of allyl S-triazine and a major portion 
diol bis (allyl carbonate). 

By an effective amount of allyl S-triazine is meant an amount 
sufficient to provide a measurable enhancement of impact strength or heat 
distortion tempetrature of the copolymer of allyl S-triazine and diol bis 
(allyl carbonate) , i.e., at least about 2 weight percent in the case of 
.ferial 1 y 1 cyanurate . However, preferably the amount of allyl S-triazine 
should b^:^bfeipw 40 weight percent whereby to retain the desirable optical 
[■r^b^^^^^ b-f the diol bxarX al 1 y 1 carbonate) . 



or their anhydrides, such as maleic and fu#aric acids, and the alkyl , e.g., 
methyl, ethyl, or halogenated, e.g., chloro-, bromo- derivatives thereof. 
Mixtures of the aforementioned unsaturated ecids and of the acids and 
anhydrides can, of course, be used in the preparation of the unsaturated 
polyester. 

Polyhydric alcohols e.g., glvcols, that can be used to produce 
the above— descr ib&d unsaturated pol yet vers are aliphatic alcohols containing 
two or more hydroxy groups . Typical of the polyhydric alcohols used to 
prepare unsaturated polyester resins are glycols containing from 2 to about 
10 carbon atoms such as the p ;> 1 ymethy lene glycols in the series from 
ethylene glycol to dec ame thy lene glycol.. Also included are the branched 
alcohols such as are present in the propylene and butylene glycols. Pref- 
erably^ the glycols contain Irora 2 to 6 carbon atoms and will be hydroxy 
terminated. Also useful are the polyethylene glycols in the series from 
die thy lene glycols to triethylene glycol, and the polypropylene glycols, 
e.g, , drpropylene glycol and tripropylene glycol. Particularly useful are 
d iethy letie and triethylene glycol. Most preferred are glycols containing 
from 2 to 4 carbon atoms, i .e .,. ethylene glycol, 1-3 -propylene glycol, and 
1 , 4-but ane d ic 1 . 

The preferred polymer i zab le unsaturated polyesters used in the 
polymerizable liquid compositions are the so-called "linear polyesters," 
i.e. , those which have little cross-linking in the polyester molecules, 
as evidenced by the fact that such polyesters are soluble in solvents such 
as acetone . 

Suitable unsaturated monomers include liquid lower alkyl esters 
of unsaturated car boxy lie acids, vinyl esters of the lower members of 
saturated moaocarboxyl ic acids, and styrene . 



• • • 

• * - «. 
<• • * • 

• « • m 

• m 

• * • • 

• .. . • 
■m • • * 



- % is- as defiaed abov^, an awlogws- poly( acrylyl carbonate) poly- 

merizate, e.g.: 

0 0 
CH 2 - * CH-C-O-Rj-O-C-O-CH «. CH 2 , 
5, where R 2 V s a ® defined above, or an analogous poly( acrylat e ) polymerizate , 

e.g.: 

0 0 
»« 

GH 2 * CH-C-K}-R 2 -0-C-CH * CH 2 , 
as described herefcibelow, where R 2 is as defined herein, and interpo lyraers 
10- of two or more of ailyl carbonates , vinyl carbonates, acrylyl carbonates, 

and acrylates. 

Acrylate monomers which may be utilized in this invention to 

r provide the transparent, polymeric surface element include acrvlic acids, 

V 

e.g. , acrylic acid, CU 2 =CH-C0-OH , and methacrylic acid, CH 2 =C( CH3 >-C0-OH ; 
15. acrylate esters, e.g., ethyl acrylate, CH 2 =CH-CO-OCH 2 CH 3 , and methyl meth- 

acrylate, CU 2 =C(OT3)-CO-OCa3. Alternatively, multifunctional acrylates may 
be utilized in this invention, e.g., 

CT 2 ^C«'^0"O--R2" 0 ^ COwCH ' cCH 2 i 
~* <3i 2 a =C< CH 3 ) -CO -0 -R 2 -0 -CO -CK=CH 2 ; arid 

•20*:* GH 2 -C(CH3)-C0-O-R 2 H3-C0-C(CH 3 )=CH 2) 

where R 2 is chosen from the group consisting of aryl groups and alkyLene 
groups such as ethylene, tr ime thy lene , methy lmethv lene , t etramethy lene , 
• ethy le thy lene , pentamethy Lene , hexamethy lene , 2-methy Ihexanethy lene , 

oc tame thy lene , and ^d a ii mme* hy lone groups , alky lene ether groups such as 
-CH2-O-CH2-, -CH 2 -OH3a 2 CH 2 ~, -CH 2 CH 2 -0-CH 2 CH 2 -, -CH 2 CH 2 CH 2 -0-CH 2 CH 2 CH 2 - 
grp^PS, alky lene polyether groups, s^ch as -CH 2 CH 2 -0-CH 2 CH 2 -0-CH 2 CH 2 - and 
r<^2^ groups, and alky lene carbonate groups, 

suoa -r^ 2 m 2 ^-<^-0-<M2^2' r > and -CH 2 CH 2 -O-C0-Oh:h 2 CH 2 -0-C0-hD-CH 2 CH 2 - . 

^e »^n ly, % .fqrr,.,.di^ryiaf:ea : is rKai 2 CH 2 -, -CH 2 0H 2 -0-CH 2 CH 2 - , and -CH 2 CH 2 - 



" " According .fib ; r the"liiv^n^6ir : h^eta"COHt-einpiat-ed- the thermal 

properties of the adhesive bonding layer, including the thermal dependencies 
of the ultimate properties, provide lov temperature pliability so that the 
laminate is resistant to thermal ehock, e.g. when -going 'from temperatures 
5 , below about 0°C or even below about -17°C to temperatures above about 25 C 

or even above 100° C. Additionally, the thermal properties, including Che 
■thermal dependencies of the ultimate properties., are believed to permit 
the lamination of precast transparent outer elements to glass with the 
precast sol id adhesive bonding layer herein contemplated. In this way the 

in use of adhesive solutions in the lamination process is avoided. 

v * o/> ArA**/m / c 

Additionally, for optical and/ up .Mimi c applications., the hdhe- 

sive bonding layer should have optical clarity, low haze, maximum li*hc 
transmission, and suffic: .at ultraviolet transmission to allow the photo- 
chromic agent, if any, in the glass core, to function effectively. The 
^g; t adhesive bonding layer is above about 0.002. inch thick, and areferaoly 

mm •* 

from about 0.005 inch thick to about 0.02 inch c:>ic*. 

toempiary adhesive bonding materials include pn 1 yur et.iar.es . . i ■ . 
pPiyeateruretlianes , pol ye thervre thanes and po I yc a rbona ceur e trunw - an-:. 
pplyfvinyl butyraOs. Preferably, the adhesive oond in* layer o>o?est '-■ 
the incident light source, is a polyuretr . ne tnat is trans aarant to 
violet radiation as defined hereinabove, -whereby to allow a : t vav u :. 
•V activation cf the photochromic materials within the *las>s cor? . ro 

reason the diisocyanate is an aliphatic; diisocyanate compound . Hve 
are cycloalipha.tic compounds, especially dinuclear ao-.r. pounds briiged oy an 
isopropylidene group or an alkylene group of 1 to 3 carbon atoms. Amonz 
the aliphatic diisocyanate that can be used are hexamethy lene diisocyanate 
<£**ng the cycloaliphatic diisocyanates which can be employed are -,-»'- 
me*hyleTie-bis-(eyclohexyl disaocyanate) . hydro^enated toluene d i i.socya aa'.e 
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The preferred urethanes of the invention can be characterized as 
plastomers, that is, they are el astoplas tic <ind thus do not snap back as a 
true elastomer when stressed. In addition, they are optically clear when 
used ir: laminates in thin sections, e.g., from less than about 10 to 60 
mils, flexible and essentially non-adhesive at room temperature. They can 
also be described as being leathery, thermoplastic polymers that generally 
have a relatively constant Gehman modulus at between about -20 C and 50°C. 
of 1 X 10 7 and 1 X 10 9 - 5 . The Gehman modulus is measured according to 
ASTM-D 1053-65. The Gehman modulus should be taken within a few days or 
not more than a month after the polyurethane sheet is formed as the Gehman 
modulus may change upon aging. The preferred laminates are. resistant to 
shock and impact and. when incorporated as part of a laminate, e.g., a 
^glood -thcrwootafe resin laminate, impart penetration resistance to the lami- 
nate over a wide temperature range. These properties are provided by poly- 
ester polyurethanes 5 polycarbonate polyureti ~nes and polyether po 1 yure thanes 

Polyester compositions useful in preparing yd 1 yes terurethanes that 
can be used to prepare the above-described laminated articles are hydroxy- 
terminated polyesters having a number average molecular weight of between 
about 500 and about 5000, particularly between 7 50 and 4000 and s more 
particularly, between 1000 and 3300. More preferably, the polyesters are 
aliphatic, essentially linear polyesters having a number average molecular 
weight of between about 1000 and about 3300, which are prepared by ester i- 
fication of an aliphatic dicarboxylic acid, or anhydride thereof, with an 
aliphatic polyhydric alcohol, e.g., an aliphatic dioi. The number average 
molecular weight of the polyester compositions useful in the present inven- 
tion can be determined by hydroxyl end group analysis and by the following 
formula: 

(functionality of the pol yes ter ) ( 56 . 1) ( 1000 ) 



3G/ 



No.Ave.Mol.Wt. = 



hydroxyl (QH) number of the polyester 
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Examples of polyhydric alcohols of from 2 to 15 carbon atoms 
inclusive which can be used to form the polyester include: ethylene glycol, 
diethylene glycol, triethylene glycol , tetraethy lene glycol, 1 , 3-propanedio 1 
1 ,3-butanediol , 1 ,4-butanediol , 1 , 5-pentaned iol , 2,2-diraethyl propane diol, 
1 ,6-hexanediol , 1 , 7-heptanedio 1 , 1 ,8-octaned iol , 1 , 10-decaned iol , and 
unsaturated diols such as 2-butene-l ,4-diol , 2-butyne-l ,4-diol and the 
like. Mixtures of polyhydric alcohols, e.g., ethylene glycol and propylene 
glycol, can be employed. Only small amounts, if any, of tri func t ional 
alcohols, such as glycerol or trimethylol propane should be present in 
order to decrease the possibility of extensive cross-linking since the 
preferred polyesters are essentially linear. Preferably, no trifunct ional 
aj^ohols are present. 

Examples of preferred polyesters include po 1 y ( I , 4-but y lene adi- 
pate) , poly( 1,4-buty lene succinate) , poly ( 1 , 4-buty lene glutarate) poly(l,4- 
buty lene pimel ate), poly( 1 , 4-buty lene suberate ) , po ly( 1 ,4-butylene azelate), 
pply( 1,4-buty lene sebacate) , and po).y(epsilon caprolac tone ) . 

The polyester compositions useful in the present invention can, 
as indicated , have a number average molecular weight of between about 500 
and 5000. It is understood that this is a number average and that the 
polyester composition is composed of a great number of different molecules 
t>f varying length , i.e., from the free glycol to a high molecular weight 
P°^y^ff er » in a normal distribution. For example, a poly( 1 , 4-buty lene 
^i;pate> of 2O00 number average molecular weight will have molecular 
/^i^**? contaix^d in it ranging from unreacted residual 1 ,4-butanediol 
<molec^ 1 ,4-butylene adipates ) of 5000 molecular 

^ij^fi:?^ £i^er; but, with the principal constituents of the. .imposition 
^"f^^-^^^-^^^ ;i^ 'the -.near vicinity -o^f 2000 molecular weight to achieve 



The simple segmented poiyurethanes ol the present invention 
are composed of two segments: (a) a hard segment which is composed of the 
reaction product of the low molecular weight active hydrogen compound, 
«• g., the aliphatic diol, and the diisocyanate; and (b) a soft segment 
which is composed of the reaction product of the polyesterdiol or polyether- 
diol and the diisocyanate. The hard and soft segments are bonded together 
through the urethane linkage. Generally, the higher the molecular weight 
of the polyesterdiol or polyetherdiol , the higher the weight percent hard 
segment of the polyurethane . The preferred poiyurethanes of the present 
invention and those that are useful for the preparation of penetration 
(impact) resistant laminates will have a weight percent hard segment of 
from about 10 to about 45 percent, preferably from 15 to 36 percent. More 
particularly, when the polyetherdiol or polyesterdiol has an average molecu- 
lar weight of about 2000, the hard segment of the polyurethane will range 
preferably, from about 15 to about 30 percent. The weight percent hard 
segment (H.S.) can be calculated from the expression: 

[ (Moles of low molecular weight active hydrogen compound ) X 
(Molecular weight of low raoleculai weight active hydrcge 
compound + molecular weignt of d iisocyanate ) j X 100 

Total Wt. of Reactants ' " 

The preferred poiyurethanes of the invention are amorphous and 
will generally have an average molecular weight , as calculated from inher- 
ent viscosity measurements, of between about 10.U00. and about 100,000 and 
preferably between about 20,000 and about 65,000. 

Exemplary polyesterurethanes containing from about 25 to about 30 
weight percent hard segment have an elastic modulus at -35*C of about 1,500 
to about 2,300 pounds per square inch at. 100 percent elongation, about 
3,500 to 4,500 pounds per. square inch at 200 percent elongation, and about 
5,400 to about 6,100 pounds per square inch at 300 percent elongation; an 



.^hyl; methacrylate, and about 1.0 weight percent benroyl peroxide dispersed 
therethrough. The plastic surface layers have a substantial absence of 
creep recov-.ry at strains of from about 0.002 to 0.01. Cure is effected by 
a post lamination heating to about . 300°F., . . 

According to a further exempli fica.i- • the invention herein 
contemplated a three layer laminate lens is produced. The lens has a front 
surface of a 0.02 inch thick, 3 inch diameter, plus 6.00 base curvature 
photochrome glass lens, a 0.040 inch thick polymeric diethylene glycol 
bis(allyl carbonate) plastic back surface layer, and a 0.015 inch thick, 
three inch diameter polyesterurethane adhesive layer between the glass lens 
and the plastic lens . 

In an alternative embodiment of this exemplification the plas- 
» tic surface layer is a partially cured polymerizate of diethylene glycol 
bis(aliyl carbonate) having about 2 to 7 weight percent of a 300,000 to 
500,000 viscosity average molecular weighc copolymer of 93 to 97 weight 
percent methyl methacrylate and 3 to 7 weight percent allyl methacry late , 
and 0.5 to 1.5 weight percent benzoyl peroxide dispersed therethrough. 
After lamination at 270°F. a post cure is carried out at 300°F. 

According to a still further exemplification a five layer lami- 
nated lens is prepared where the plastic surface and the adhesive bonding 
layer, between the photochromic .-glass, core and the incident l ight are 
substantially transparent to ultraviolet radiation, but either the back 
plastic surface or the back adhesive binding layer or both are responsive 
to ultraviolet radiation. For example, either the adhesive binding layer 
or the back plastic surface or both may have an ultraviolet radiation 
absorbing amount of aromaticity. Alternatively, the front plastic surface 
layer and adhes ive bind ing layer . may be dispensed with. and the back plastic 
surface ;|ayer and the back adhesive binding layer may be ultraviolet 
.* T &^$§^$&ty' r P* T ' a :- incorporated therein . 

The following examples are illustrative of this invention. 



The adhesive bonding layer was a polyester polyurethane having a 

soft segment and a hard segment. The. soft segment was the reaction product 

of poly(l,4-butane diol adipate) having a number average molecular weight 

of about 2000 and 4 , 4 ' -methylene bis ( eye lohexy l/ iiioley^tl ) . The hard 

segment was the reaction product of 1,4 butane diol and 4,4 '-methylene 
C'zyc'otexy/ /so cy encore J 7 
/riiiocoyanotL The weight ratio of hard segment to total hard and soft 

segment was about 0.25 to 1. 

Adhesion Promoter 

A solution of 0.5 Union Carbide Silane 1100 in methanol was 

prepared . 

Lamination 

A laminate was prepared by placing a Teflon® polytetraf luoroethyl- 
ene sheet, a 0.065 inch thick plastic lens., a 0.020 inch thick polyester 
polyurethane layer, a 0.020 inch thick curved glass lens, a 0,020 inch 
thick polyester polyurethane layer, a 0.005 inch thick plastic lens, and 
a Teflon® polytetraf luoroethy lene sheet between two plus 6 base curvature 
lens grinding mandrels, each of the interior surfaces of the plastic 
lenses, adhesive bonding layer sheets, and glass lens naving been wetted 
with the silane adhesion promoter. 

The assembly was pressed at 300°F. (149°C) for about 2 to 3 
minutes at a pressure of about 200 to 300 pounds per square inch. 

The resulting laminated lens had good adhesion. 

EXAMPLE II 

The procedure of Example I was followed with the following changes: 



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 



1. A method of preparing a laminate of glass and 
a transparent resin with an adhesive theoioplas tic poly- 
urethane resin therebetween comprising bringing one surface 
of the adhesive thermoplastic resin into contact with the 
glass sheet and the opposite surface of the adhesive 
thermoplastic polyurethane resin into contact with the 
transparent resin under conditions to effect lamination 
thereof, Characterised by the lamination being carried out 
with a solid transparent resin and the polyurethane resin 
being applied to the glass sheet as a^ preformed thermo- 
plastic solid, and wherein the polyurethane is a polyester' 
polyurethane that is the reaction product of: 

(1) an essentially linear, hydroxy- terminated 
polyester selected from the group con- 
sisting of: 

(a) poly ( 1 , 4-butylene adipate) having a 
molecular weight of 1000 to 2000; 

(b) poly ( 1 , 4-butylene azealate) having a 
molecular weight of 1000 to 2000; and 

(c) poly(epsilon caprolactone ) having a 
molecular weight of 1000 to 2000; 

(2) an aliphatic diol having from 2 to 10 
carbon atoms; and 

(3) 4 , 4 1 -methylene bis (cyclohexyl isocya:iacej ; 
the mole ratio of aliphatic diol to 
polyester is from 0.7:1 to 5.0:1, the 
quotient, of 



( Moles of Aliphatic! 
Diol J 



{Molecular Weight of] Molecular Weighc 
Aliphatic Diol / \ ot Isocyaaace J 



Total Weight of Reactants 



fS^l-'^i^i^iyi, carbonate) copolymers with an ultimate 
I^Ysii^i pfot^rty enhancing copolymer , poly (aery lates) , 
P0ly{arylates) , poly (vinyl halides) , poly (carbonates) , 
poly (vinyl carbonates) , poly (acrylyl carbonates) , and 
poly (amides) . 

7. The method of Claim 6 wherein the trans- 
parent resin is diol bis(allyi carbonate) having a 
second polymer dispersed therethrough, the second polymer 
having the formula: 

i i 

c=o c=o 




where R 5 COOH and R^COOH are independently chosen from the 
group consisting of acrylic acid, methacrylic acid, ethyl 
acrylic acid, butyl acrylic acid, and propyl acrylic acid, 
and is independently chosen from the group consisting 

of water, methyl alcohol, ethyl alcohol, and allyl alcohol. 

8. The method of Claim 7 wherein the second 
polymer is chosen from the group consisting of poly (methyl 
methacrylate) and poly (allyl methacrylate-methy 1 
methacrylate) . 

9* The method of Claim 6 wherein the transparent 
resin is diol bis (allyl carbonate) having an ultimate 
physical property enhancing copolymer chosen from the 
flproup consisting of allyl S-triazines and aery late 
; terminated polyure thanes . 



1; 



X 



(c) poly(epsilon caprolactone) having a 
number average molecular weight of 
25. 1000 to 3300; 

(2) an aliphatic diol having from 2 to 10 
carbon atoms; and 

(3) 4 , 4 1 -methylene bis ( cyclohexyl isocyanate) 
in which the mole ratio of aliphatic diol to polyester is 

30. from 0.7:1 to 5.0:1, the quotient of 

(Holes of Aliphatic) (Molecular Weight of] + ( Molecular Weight) 
. Diol y [\ Aliphatic Diol / \ of lsocvanace/. 



P m 



• » m ♦ 

• 4. • ♦ 



Tocal Weight of Heactants 

is from 0.15 to 0.36, the number of isocyanate groups provided 
35. by the 4 , 4 1 -methylene bis (cyclohexyl isocyanate) being sub- 
stantially equivalent to the total number of hydroxy groups 
provided by the polyester and the aliphatic diol whereby the 
polyester urethane is substantially free of unreacted 
v *♦ . isocyanate groups; and wherein said lens is the product 

40. produced by the process of laminating together said thin 
glass layer, said adhesive polyurethane resin layer as a 
I i*". preformed solid, and said transparent polymeric surface 

■' • **•"*■. layer as a preformed solid, 

*. r 

14. The laminated ophthalmic lens of Claim 13 
wherein said thin glass layer has a thickness of from 0.01 
* V*- c to 0.050 inch. 



$> 15. The laminated ophthalmic lens of Claim 13 

•j wherein said thin glass layer has a thickness of from 

| 0^15 to 0.030 inch. 

I : f „ 1$ • 3fee laminated ophthalmic lens of Claim 13 

usfi^ polyurethane resin layer 



24 • The laminated ophthalmic lens of Claim 13 
^W^jLch is spherically curved, 

25 • The laminated ophthalmic lens of Claim 13 

wherein: 

(a) said adhesive thermoplastic polyurethane 
resin layer has a thickness of from 0.005 
to 0.02 inch; 

(b) said aliphatic diol is 1,4-butane diol; 

(c) said 4 , 4 ' -methylene bis (cyclohexyl 
isocyanate) has a stereoisomer content 
of 19 to 21 percent trans, trans, 

17 to 18 percent cis, cis, and 62 to 64 
percent cis, trans; and 

(d) said transparent polymeric surface layer 
is polymer of diethylene glycol bis(allyl 
carbonate) . 

26. The laminated ophthalmic lens of Claim 25 
wherein said thin glass layer is photochromic . 

27. The laminated ophthalmic lens of Claim 2 5 
which is spherically carved. 

28. A laminated ophthalmic lens comprising: 
(a) a thin glass layer having a thickness 

of from 0.00 5 to 0.100 inch; 
(fa) a first transparent polymeric surface 
•?,.;•-.• layer comprising polymer of a polyol 

(allyl carbonate) ; 
(c) a second transparent polymeric surface 
~ : c --i^-^rising polymer of a polyol 



.*■ r • 



* * • ■ 

* # * 
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.provided by the 4 , 4 1 -methylene bis (cyclohexyl isocyanate) 
"*bei : ng svibstantially equivalent to the total number of 
hydroxy groups provided by the polyester and the aliphatic 
45, diol whereby the polyester urethane is substantially free 

of unreacted isocyanate groups r and wherein said lens is the 
product produced by the process of laminating together said 
thin glass layer, both of said adhesive polyurethane resin 
layers as preformed solids, and both of said transparent 
50. surface layers as preformed solids. 

29- The laminated ophthalmic lens of Claim 28 
wherein said thin glass layer has a thickness of from 
0.01 to 0.050 inch, 

i 

30. The laminated ophthalmic lens of Claim 2 8 
wherein said thin glass layer has a thickness of from 
0.015 to 0.0 30 inch. 

31. The laminated ophthalmic lens of Claim 26 
wherein each of said adhesive thermoplastic polyurethane 
resin layers has a thickness above 0.002 inch. 

32. The laminated ophthalmic lens of Claim 28 
wherein each of said adhesive thermoplastic polyurethane 
resin layers has a thickness from 0.005 to 0.02 inch. 

33. The laminated ophthalmic lens of Claim 28 
wherein said aliphatic diol is selected from the group 
consisting of 1,4 -butane diol , 1 , 3-butane diol , and 
i;^^i^xajie diol. 



34 * : ifee laminated ophthalmic lens of Claim 2 8 
- ^^^^^^li^^^^A diol is 1,4 -butane diol. 



(c) said 4/4 ' -methylene bis (cyclohexy 1 
isocyanate has a stereoisomer content 
of 19 tc 21 percent trans, trans, 

17 to 18 percent cis, cis , and 62 to 
64 percent cis, trans? and 

(d) each of said transparent polymeric 
surface layers is polymer of diethylene 
clycol bis(allyl carbonate), 

^ 41. The laminated ophthalmic lens of Claim 40 
wherein said thin glass layer is phctochromic. 

42. The laminated ophthalmic lens of Claim 40 
which is spherically curved. 

43. A laminated photochromic lens substantially 
as hereinbefore described with reference to the examples. 

DATED this 27th day of March, 19 85. 
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By their Patent Attorneys, 
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